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piezoelectric 

element which is capable of preventing the breakage of a 
piezoelectric element 
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to the 

element at all times, in a high-temperature environment by forming 
stress 

relaxable layers which is capable of relieving the large residual 
stresses in 
conductive electrodes. 
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1 

SOLUTION: For an electrode structure for piezoelectric element, in 
which 

conductive electrodes 7 are respectively arranged between and jointed 
to the 

jointing surfaces of first and second piezoelectric elements 2 
laminated into 

at least two layers, each conductive electrode 7 is composed of 
conducting 

layers 3 which are respectively jointed to and arranged on the first 
and second 

piezoelectric elements 2, stress relieving layers 4 which are 
respectively 

jointed to and arranged on the conductive layers 3 and formed by 
mixing a 

.conductive material in an inorganic porous material, and an 
interlayer jointing 

layer 9, which integrally joints the stress -relieving layer 4 on the 
first 

piezoelectric element 2 side to the stress -relieving layer 4 on the 
second 

piezoelectric element 2 side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the piezoelectric-device electrode structure 
which carried out formation arrangement of the stress relaxation layer, and its manufacture approach at 
some conductive electrodes of a piezoelectric device in order to ease the comparatively big stress which 
joins a piezoelectric device, in case a piezoelectric device operates under the environment of an 
elevated-temperature condition with respect to piezoelectric-device electrode structure and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Generally a piezoelectric device is a component which carries out the 
interconversion of electric energy and the mechanical energy. By carrying out junction arrangement of 
the conductive electrode, and applying alternating voltage (signal) to both sides of a piezoelectric device 
these conductivity inter-electrode, when carrying out the interconversion of such energy Alternating 
voltage (signal) corresponding to the mechanical oscillation is made to output from conductive inter- 
electrode one by generating the mechanical oscillation corresponding to the alternating voltage (signal) 
from a piezoelectric device, or adding mechanical oscillation to a piezoelectric device. 
[0003] By the way, when used for an actuator, a sensor, etc., in order that such a piezoelectric device 
may raise the interconversion effectiveness, carrying out the laminating of a piezoelectric device and the 
conductive electrode by turns, and using them as a laminating form piezoelectric device is known. This 
laminating form piezoelectric device does not become so big a problem, as long as it is used for the 
bottom of the environment of an ordinary temperature condition, but if used [ come ] for the bottom of 
the environment of an elevated-temperature condition It compares with the coefficient of thermal 
expansion of a piezoelectric device based on the difference of the coefficient of thermal expansion of a 
piezoelectric device and a conductive electrode. Since the coefficient of thermal expansion of a 
conductive electrode is comparatively large, During an activity, the conductive electrode which 
expanded thermally always comes to join a piezoelectric device as big residual stress, and it does not go 
out [ a piezoelectric device bears, and ] to this big residual stress, but there is a problem that a 
piezoelectric device will be damaged. 

[0004] The big residual stress which joins a piezoelectric device is made to ease to such a problem, and 
the piezoelectric-device electrode structure which made it possible to prevent breakage of a piezoelectric 
device in use etc. is already proposed by JP,8- 1 955 1 2,A. 

[0005] The piezoelectric-device electrode structure proposed by this JP,8-195512,A makes the 
conductive electrode joined by both sides of a piezoelectric device the double layer system of the 
electrode layer which the mean particle diameter joined on a piezoelectric device becomes from a 
conductive particle 0.1 micrometers or less, and the buffer coat which consists of a comparatively coarse 
particle joined on this electrode layer, makes the big residual stress which joins a piezoelectric device by 
the thermal expansion of a conductive electrode ease by this buffer coat, and prevents breakage of a 
piezoelectric device. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



4/16/07 



JP,1 1-163428,A [DETAILED DESCRIPTION] 



Page 2 of 7 



[0006] 

[Problem(s) to be Solved by the Invention] It enables the piezoelectric-device electrode structure 
proposed by said JP,8-195512,A to ease the big residual stress which joins a piezoelectric device a 
temporary place by having prepared the buffer coat in the conductive electrode. 
[0007] However, the piezoelectric-device electrode structure proposed by said JP,8-195512,A When a 
piezoelectric device is used over a long period of time for the bottom of the environment of an elevated- 
temperature condition, since the difference of the coefficient of thermal expansion of a piezoelectric 
device and a conductive electrode is quite large The residual stress which fully joins a piezoelectric 
device cannot be eased only by preparing such a buffer coat, but a piezoelectric device gets fatigued 
with the comparatively big residual stress which joins a piezoelectric device continuously, and it has the 
problem that a piezoelectric device may be damaged at last. 

[0008] This invention solves such a trouble, and the object forms the stress relaxation layer which made 
it possible to ease big residual stress in a conductive electrode, fully eases the big residual stress which 
always joins a piezoelectric device under the environment of an elevated-temperature condition, and is 
to offer the piezoelectric-device electrode structure which prevented breakage of a piezoelectric device. 
[0009] 

[Means for Solving the Problem] In order to attain said object, the piezoelectric-device electrode 
structure by this invention possesses the 1st means constituted from a conductive layer joined on a 
piezoelectric device in the conductive electrode by which junction arrangement is carried out to both 
sides of a piezoelectric device, and a stress relaxation layer of the structure which was joined at the 
conductive layer top and intermingled in the conductive matter in the minerals porous body. 
[0010] In order to attain said object, the piezoelectric-device electrode structure by this invention The 
conductive layer joined by the plane of composition of two or more piezoelectric devices by which the 
laminating was carried out on a piezoelectric device in the conductive electrode by which junction 
arrangement is carried out, The 2nd means constituted from a junctional zone between layers which is 
joined on a conductive layer and really joins the stress relaxation layer in which the conductive matter 
was intermingled, and the stress relaxation layer of one piezoelectric device and the stress relaxation 
layer of the piezoelectric device of another side to a minerals porous body is provided. 
[001 1] Since according to said 1st means a stress relaxation layer is joined on the conductive layer and 
the stress relaxation layer is made the configuration intermingled in the conductive matter in the 
minerals porous body while joining a conductive layer on a piezoelectric device, the big residual stress 
generated based on the difference in the coefficient of thermal expansion of a piezoelectric device and a 
conductive electrode fully comes to be eased by slipping actuation of the conductive matter intermingled 
in deformation of the minerals porous body of a stress relaxation layer itself, and/or a minerals porous 
body etc. 

[0012] While according to said 2nd means joining a stress relaxation layer to the plane-of-composition 
side of the piezoelectric device by which a laminating is carried out through a conductive layer, 
respectively and really joining these stress relaxation layers Since the stress relaxation layer is made the 
configuration intermingled in the conductive matter at the minerals porous body The big residual stress 
generated based on the difference in the coefficient of thermal expansion of a piezoelectric device and a 
conductive electrode fully comes to be eased by slipping actuation of the conductive matter intermingled 
in deformation of the minerals porous body of a stress relaxation layer itself, and/or a minerals porous 
body etc. 
[0013] 

[Embodiment of the Invention] In one thing of the gestalt of operation of this invention, piezoelectric- 
device electrode structure carries out junction arrangement of the conductive electrode to both sides of a 
piezoelectric device, and the conductive electrode consists of a conductive layer joined on a 
piezoelectric device, and a stress relaxation layer of the structure which was joined on the conductive 
layer and intermingled in the conductive matter in the minerals porous body. 
[0014] In other things of the gestalt of operation of this invention piezoelectric-device electrode 
structure Junction arrangement of the conductive electrode is carried out in the plane of composition of 
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the 1st and 2nd piezoelectric devices by which the laminating was carried out at least to two-layer. A 
conductive electrode The conductive layer by which junction arrangement is carried out on the 1st and 
2nd piezoelectric devices, respectively, and the stress relaxation layer of the structure which junction 
arrangement was carried out on each conductive layer, respectively, and was intermingled in the 
conductive matter in the minerals porous body, It consists of a junctional zone between layers which 
really joins the stress relaxation layer by the side of the 1st piezoelectric device, and the stress relaxation 
layer by the side of the 2nd piezoelectric device. 

[0015] In the example of the one or other things of the gestalt of operation of this invention, 
piezoelectric-device electrode structure consists of a thing containing a conductive particle in the 
conductive matter with which the stress relaxation layer was intermingled in the minerals porous body, 
and mean particle diameter consists of a particle 5 micrometers or less as the conductive particle 
preferably. 

[0016] While according to these things of the gestalt of operation of the piezoelectric-device electrode 
structure by this invention joining a direct conductive layer on a piezoelectric device and joining a stress 
relaxation layer on these conductive layers, respectively Since each stress relaxation layer is made the 
configuration intermingled in the conductive matter at the minerals porous body Even if big residual 
stress occurs between a piezoelectric device and a conductive electrode based on the difference in the 
coefficient of thermal expansion of a piezoelectric device and a conductive electrode, the big residual 
stress The minerals porous body of a stress relaxation layer itself deforms, or or the conductive matter 
intermingled in a minerals porous body performs slipping actuation, or Or the piezoelectric-device 
electrode structure which it fully comes to be eased, consequently can prevent breakage of a 
piezoelectric device can be acquired by using together deformation of the minerals porous body itself 
and slipping actuation of the conductive matter. 

[0017] In this case, if the relaxation function to big residual stress will increase if the conductive matter 
which makes a minerals porous body intermingled is constituted from a conductive particle, and mean 
particle diameter uses a thing 5 micrometers or less for a conductive particle, it will become possible to 
increase the relaxation function to big residual stress more. 

[0018] In the gestalt of another operation of this invention moreover, the manufacture approach of 
piezoelectric-device electrode structure The process which applies the sol solution of the piezo-electric 
plate which constitutes a piezoelectric device which contains a conductive particle on the whole surface 
at least, and forms an electric conduction spreading layer, On an electric conduction spreading layer, the 
sol solution containing the sol solution and silicon oxide containing a conductive particle is applied, the 
2nd spreading film is formed, stoving of the 2nd spreading film is carried out with an electric 
conduction spreading layer, and a conductive electrode is manufactured through the process which 
forms a stress relaxation layer and a conductive layer. 

[0019] According to the gestalt of implementation of the manufacture approach of the piezoelectric- 
device electrode structure by this invention, on the front face of a piezo-electric plate Since a stress 
relaxation layer is formed by carrying out stoving of the field which applied the sol solution containing 
the sol solution and silicon oxide containing a conductive particle, and applied these sol solutions The 
piezoelectric-device electrode structure which it not only can use a comparatively easy manufacture 
means, but can ease the big residual stress which joins a piezoelectric device with a cheap 
manufacturing cost can be manufactured. 
[0020] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0021] Drawin gJL is the sectional view showing the configuration of the 1st example of the 
piezoelectric-device electrode structure concerning this invention. 

[0022] Setting to drawing 1 , for a piezo-electric ceramic component (piezoelectric device) and 3, a 
conductive layer and 4 are [ 1 / a conductive electrode and 2 ] a stress relaxation layer and 41 . A 
minerals porous body and 42 As for a conductive particle and 5, a glue line and 6 are component 
attaching parts. 

[0023] and the thing which the conductive electrode 1 becomes from the conductive layer 3 by which 
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adhesion arrangement was carried out on both sides of the piezo-electric ceramic component 2, 
respectively, and the stress relaxation layer 4 by which adhesion arrangement was carried out on each 
conductive layer 3 - it is - the stress relaxation layer 4 - minerals porous body 41 Conductive particle 
42 from - it has become. It sets in this stress relaxation layer 4, and is the conductive particle 42. 
Minerals porous body 41 While restoration arrangement is carried out at each porous circles, it will be 
distributed on each outskirts of the porous section. Each stress relaxation layer 4 is pasted up on the 
component attaching part 6 through a glue line 5, and the piezo-electric ce ramic component 2 wh ich 
carried out adhesion arrangement of the conductive electrode 1 to botlfsides by it is held by the 
component attaching part 6. 

[0024] In this case, the stress relaxation layer 4 is the minerals porous body 41 to be used. Conductive 
particle 42 Although it changes a little with physical characteristics, it is desirable to form in general, so 
that that thickness may be set to 100 micrometers or less. This reason is that the residual s tress based o n 
the difference in the coefficient of thermal expansion of the piezo-electrftrceramic component 2 and the 
stress relaxationjay ^ may become Jarge..and the piezo-e lectric cer ^m^ com poneat 2 anH th^st'ress 
rSl axafT^ayerTm^ th e thftdc nesS_ofTEeltress relaxation layer 4 exceeds 100 

micrometers. " ' 

[0025] Moreover, conductive particle 42 used for the stress relaxation layer 4 It is suitable if mean 
particle diameter uses a particle 5 micrometers or less, namely, conductive particle 42 ******- the case 
where the particle whose mean particle diameter is a particle 5 micrometers or less and whose mean 
particle diameter is about 1 micrometer is used - minerals porous body 41 The particle in the condition 
of having surrounded the particle and the porous section in the condition that porous circles were filled 
up presents a good lubrication action within the stress relaxation layer 4, and reduces the residual stress 
which joins the piezo-electric ceramic component 2 on an effective target, on the other hand - 
conductive particle 42 ****** - when mean particle diameter uses a particle 5 micrometers or more, the 
piezo-electric ceramic component 2 may be. damaged at last with the big residual stress which the 
lubrication action of those particles in the stress r elaxation laye r 4 become s so good less, and reduction 
of the residual stress which joins the piezo-electric ceramic component 2 is no longer given to an 
effective target, and joins the piezo-electric ceramic component 2 

[0026] Thus, while joining a conductive layer 3 on the piezo-electric ceramic component 2 according to 
the piezoelectric-device electrode structure of the 1st example The stress relaxation layer 4 is joined on 
that conductive layer 3, and it is the minerals porous body 41 about this stress relaxation layer 4. 
Conductive particle 42 Since it is made the intermingled configuration The big residual stress generated 
based on the difference in the coefficient of thermal expansion of the piezo-electric ceramic component 
2 and the conductive electrode 1 Minerals porous body 41 of the stress relaxation layer 4 Deformation 
and/or the minerals porous body 41 of the very thing Intermingled conductive particle 42 It is fully 
eased by slipping actuation etc. For example, even if it uses the piezo-electric ceramic component 2 
under the environment of a high temperature condition, it can prevent beforehand that the piezo-electric 
ceramic component 2 is damaged. 

[0027] Next, drawing^ (a) and (b) are the block diagrams showing the configuration of the 2nd example 
of the piezoelectric-device electrode structure concerning this invention, it is the perspective view, (b) is 
some of the enlarged section block diagrams, and (a) shows the example which constituted the 
piezoelectric device in the laminating mold piezoelectric device. 

[0028] As for a conductive electrode and 8, in drawing 2 (a) and (b), a layer indirect arrival layer and 9 
have attached [ 7 / an insulator and 10 ] the same sign about the same component as the component with 
which a band-like external electrode and 1 1 are leads, in addition were shown in dr awin g 1 . 
[0029] And the conductive electrode 7 consists of the conductive layer 3 by which formation 
arrangement is carried out between two piezo-electric ceramic components 2 by which the laminating 
was carried out, and adhesion arrangement was carried out, respectively on each opposed face of the 
piezo-electric ceramic component [ on the other hand / (above) ] 2 and the piezo-electric ceramic 
component 2 of another side (below), a stress relaxation layer 4 by which adhesion arrangement was 
carried out on each conductive layer 3, respectively, and a layer indirect arrival layer 9 which pastes up 
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each stress relaxation layer 4. each stress relaxation layer 4 — minerals porous body 41 Conductive 
particle 42 from ~ becoming - conductive particle 42 Minerals porous body 41 While restoration 
arrangement is carried out at each porous circles, it will be distributed on each outskirts of the porous 
section. 

[0030] Moreover, the side face of another side is formed in the condition of having equipped with the 
insulator 9 at the condition [ in / the odd-numbered conductive electrode 7 ] that the side face was 
exposed, respectively, and each conductive electrode 7 is formed in the condition that the side face of 
another side was exposed to the condition that the side face equipped with the insulator 9 in the even- 
numbered conductive electrode 7 reversely, respectively. In one side face of each conductive electrode 
7, and the side face of another side, along the direction of a laminating of the piezo-electric ceramic 
component 1, wearing arrangement is carried out, each conductive electrode 7 is connected conductively 
to each band-like external electrode 10 in the exposed part, and the band-like external electrode 10 is 
insulated with each band-like external electrode 10 in the part equipped with an insulator 9, respectively. 
In addition, the lead 1 1 is connected to the edge of each band-like external electrode 10. 
[003 1] It is the minerals porous body 41 which uses the stress relaxation layer 4 like the 1 st example 
also in the 2nd example. Conductive particle 42 Although it changes a little with physical 
characteristics, it is desirable to form so that an outline and its thickness may be set to 100 micrometers 
or less. The reason is that the residual stress based on the difference in the coefficient of thermal 
expansion of the piezo-electric ceramic component 2 and the stress relaxation layer 4 may become large, 
and the piezo-electric ceramic component 2 and the stress relaxation layer 4 may exfoliate when the 
thickness of the stress relaxation layer 4 exceeds 100 micrometers. 

[0032] Moreover, conductive particle 42 used for the stress relaxation layer 4 like the 1st example also 
in the 2nd example It is suitable if mean particle diameter uses a particle 5 micrometers or less, namely, 
conductive particle 42 ****** ~ the case where the particle whose mean particle diameter is a particle 5 
micrometers or less and whose mean particle diameter is about 1 micrometer is used - minerals porous 
body 41 Particle 42 in the condition that porous circles were filled up Particle 42 in the condition of 
having surrounded the porous section A good lubrication action is presented within the stress relaxation 
layer 4, and the residual stress which joins the piezo-electric ceramic component 2 is reduced on an 
effective target, on the other hand - conductive particle 42 ****** - when mean particle diameter uses 
a particle 5 micrometers or more, the piezo-electric ceramic component 2 may be damaged at last with 
the big residual stress which the lubrication action of those particles in the stress relaxation layer 4 
becomes so good less, and reduction of the residual stress which joins the piezo-electric ceramic 
component 2 is no longer given to an effective target, and joins the piezo-electric ceramic component 2 
[0033] Thus, while according to the piezoelectric-device electrode structure of the 2nd example joining 
the stress relaxation layer 4 to the plane-of-composition side of the piezo-electric ceramic component 2 
by which a laminating is carried out through a conductive layer 3, respectively and really joining these 
stress relaxation layers 4 It is the minerals porous body 41 about the stress relaxation layer 4. 
Conductive particle 42 Since it is made the intermingled configuration The big residual stress generated 
based on the difference in the coefficient of thermal expansion of the piezo-electric ceramic component 
2 and the conductive electrode 7 Minerals porous body 41 of the stress relaxation layer 4 Deformation 
and/or the minerals porous body 41 of the very thing Intermingled conductive particle 42 It fully comes 
to be eased by slipping actuation etc. For example, even if it uses this laminating mold piezo-electricity 
ceramic component 2 under the environment of a high temperature condition, it can prevent beforehand 
that each piezo-electric ceramic component 2 is damaged. 

[0034] Here, it is as follows when the manufacture approach of the piezoelectric-device electrode 
structure of the 1st example and the 2nd example is described. 

[0035] Introduction and the piezoelectric-device electrode structure of the 1st example 1 are 
manufactured as follows. 

[0036] First, 5mm of predetermined dimensions which use titanic-acid zirconate (PZT) as a principal 
component, for example, length, 5mm wide, and the piezo-electric ceramic plate 1 with a thickness of 
0.5mm are prepared. 
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[0037] Next, the sol solution which contained the silver (Ag) particle and the palladium (Pa) particle 
20% is applied to both sides of this piezo-electric ceramic plate 1 . 

[0038] Subsequently, the sol solution which contained the sol solution and silver (Ag) particle which 
contained silicon oxide (Si02) 20%, and the palladium (Pa) particle 20% is applied by turns on the field 
which applied said sol solution. 

[0039] Then, each sol solution applied to the piezo-electric ceramic plate 1 is heated for 30 minutes at 
the temperature of 200 degrees C, and the conductive electrode 1 which consists of a conductive layer 3 
and a stress relaxation layer 4 is formed. 

[0040] Subsequently, the piezo-electric ceramic plate 1 in which the conductive electrode 1 was formed 
to both sides is pasted up on the component attaching part 6 using the inorganic elevated-temperature 
binder which uses nickel (nickel) and a zirconia as a principal component, and the piezo-electric ceramic 
component 1 in which the conductive electrode 1 was formed is made to hold to the component 
attaching part 6 by the glue line 5. 

[0041] Thus, it can manufacture the piezoelectric-device electrode structure which can ease the big 
residual stress which joins a piezoelectric device with a cheap manufacturing cost while a comparatively 
easy manufacture means can be used for it, since the manufactured piezoelectric-device electrode 
structure can form a stress-relaxation layer by carrying out stoving of the field which applied the sol 
solution containing the sol solution and the silicon oxide containing a conductive particle to the front 
face of a piezo-electric plate, and applied these sol solutions to it. 

[0042] Next, the piezoelectric-device electrode structure of the 2nd example is manufactured as follows. 
[0043] First, only the number by which a laminating is carried out prepares 5mm of predetermined 
dimensions which use titanic-acid zirconate (PZT) as a principal component, for example, length, 5mm 
wide, and the piezo-electric ceramic plate 1 with a thickness of 0.5mm. 

[0044] Next, the sol solution which contained the silver (Ag) particle and the palladium (Pa) particle 
20% is applied to the whole surface of two piezo-electric ceramic plates 1 in these piezo-electric ceramic 
plates 1, and both sides of the piezo-electric remaining ceramic plate 1, respectively. 
[0045] Subsequently, the sol solution which contained the sol solution and silver (Ag) particle which 
contained silicon oxide (Si02) 20%, and the palladium (Pa) particle 20% is applied by turns on each 
field which applied said sol solution. 

[0046] Then, each sol solution applied to each piezo-electric ceramic plate 1 is heated for 30 minutes at 
the temperature of 200 degrees C, and a conductive layer 3 and the stress relaxation layer 4 are formed. 
[0047] Next, the thing comrade as for whom the stress relaxation layer 4 formed in each piezo-electric 
ceramic plate 1 does a laminating is made to counter, respectively, two stress relaxation layers 4 made to 
counter using the inorganic elevated-temperature binder which uses nickel (nickel) and a zirconia as a 
principal component, respectively are pasted up, and the conductive electrode 7 is formed. At this time, 
the laminating mold piezoelectric device by which wearing arrangement of the conductive electrode 7 
was carried out, respectively between each piezo-electric ceramic plate 1 by which laminating 
arrangement is carried out has been obtained. 

[0048] Subsequently, on the other hand, the conductive electrode 7 of a laminating mold piezoelectric 
device reaches, and the side face of another side is alternately equipped with the insulator 9 of a cross- 
section boiled-fish-paste form, respectively. 

[0049] Then, on the other hand, the conductive electrode 7 of a laminating mold piezoelectric device 
reaches, junction wearing of the band-like external electrode 10 is carried out, respectively, and 
weldbonding of the lead 1 1 is carried out to the side face of another side at the edge of each band-like 
external electrode 1 0. 

[0050] Thus, the manufactured piezoelectric-device electrode structure Like the manufacture approach 
of the piezoelectric-device electrode structure of the 1st example, on the front face of two or more piezo- 
electric plates Since a stress relaxation layer can be formed by carrying out stoving of the field which 
applied the sol solution containing the sol solution and silicon oxide containing a conductive particle, 
respectively, and applied these sols solution, respectively While being able to use a comparatively easy 
manufacture means, the piezoelectric-device electrode structure which can ease the big residual stress 
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which joins a piezoelectric device with a cheap manufacturing cost can be manufactured. 
[0051] In addition, a conductive particle usable to the manufacture approach of this invention is not 
restricted to a silver (Ag) particle and a palladium (Pa) particle, and as long as it is metal particles which 
have good conductivity, you may make it use other particles in the manufacture approach of the 
piezoelectric-device electrode structure of the 1st and 2nd examples, although the example using the 
silver (Ag) particle and the palladium (Pa) particle as a conductive particle was given and explained. 
[0052] Moreover, although the example using the inorganic elevated-temperature binder which uses 
nickel (nickel) and a zirconia as a principal component was given and explained in the manufacture 
approach of the piezoelectric-device electrode structure of the 1st and 2nd examples when forming a 
glue line If adhesives usable to the manufacture approach of this invention are adhesives which are not 
restricted to the inorganic elevated-temperature binder which uses nickel (nickel) and a zirconia as a 
principal component, and have a similar property in this inorganic elevated-temperature binder, they are 
good as for other methods for adhesives of ****. 

[0053] It examined by incidentally using for the fuel supply system of a gasoline engine the laminating 
mold piezoelectric device which has the piezoelectric-device electrode structure of the 2nd example at a 
nest and the actuator for gasoline injections. Under an environment with a temperature of 120 degrees C, 
this trial was able to change the engine speed to 500 thru/or lOOOOrpm, and is able to investigate the 
injection condition of a gasoline, and that result was able to reduce the gasoline injection speed of 
response to an input signal or less to 1/5 in all engine speeds compared with the case where the 
conventional electromagnetic actuator is used. 
[0054] 

[Effect of the Invention] As mentioned above, while according to the piezoelectric-device electrode 
structure of this invention joining a direct conductive layer on a piezoelectric device and joining a stress 
relaxation layer on this conductive layer, respectively Since each stress relaxation layer is made the 
configuration intermingled in the conductive matter at the minerals porous body Even if big residual 
stress occurs between a piezoelectric device and a conductive electrode based on the difference in the 
coefficient of thermal expansion of a piezoelectric device and a conductive electrode, the big residual 
stress The minerals porous body of a stress relaxation layer itself deforms, or or the conductive matter 
intermingled in a minerals porous body performs slipping actuation, or Or it is effective in the 
piezoelectric-device electrode structure which it is fully eased, consequently can prevent breakage of a 
piezoelectric device being acquired by using together deformation of the minerals porous body itself and 
slipping actuation of the conductive matter. 

[0055] In this case, it is effective in the relaxation function to big residual stress increasing by 
constituting the conductive matter which makes a minerals porous body intermingled from a conductive 
particle, and as a conductive particle, if mean particle diameter uses a thing 5 micrometers or less, it is 
effective in becoming possible to increase the relaxation function to big residual stress more. 
[0056] Moreover, it is effective in the ability to be able to manufacture the piezoelectric-device electrode 
structure which can ease the big residual stress which can use a comparatively easy manufacture means 
since according to the manufacture approach of the piezoelectric-device electrode structure of this 
invention apply the sol solution containing the sol solution and the silicon oxide containing a conductive 
particle to the front face of a piezo-electric plate, it is made to carry out stoving of the spreading field of 
these sol solutions and the stress-relaxation layer is formed in it, and also joins a piezoelectric device 
with a cheap manufacturing cost. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the piezoelectric-device electrode structure characterized by consisting of a conductive 
layer by which said conductive electrode is joined by both sides of a piezoelectric device on said 
piezoelectric device in the piezoelectric-device electrode structure which carried out junction 
arrangement of the conductive electrode, and a stress relaxation layer of the structure which was joined 
on said conductive layer and intermingled in the conductive matter in the minerals porous body. 
[Claim 2] In the piezoelectric-device electrode structure which carried out junction arrangement of the 
conductive electrode in the plane of composition of the 1st and 2nd piezoelectric devices by which the 
laminating was carried out at least to two-layer said conductive electrode The conductive layer by which 
junction arrangement is carried out on said 1st and 2nd piezoelectric devices, respectively, and the stress 
relaxation layer of the structure which junction arrangement was carried out on said each conductive 
layer, respectively, and was intermingled in the conductive matter in the minerals porous body, 
Piezoelectric-device electrode structure characterized by consisting of a junctional zone between layers 
which really joins the stress relaxation layer by the side of said 1st piezoelectric device, and the stress 
relaxation layer by the side of said 2nd piezoelectric device. 

[Claim 3] The conductive matter intermingled in said minerals porous body is piezoelectric-device 
electrode structure according to claim 1 or 2 characterized by including a conductive particle. 
[Claim 4] Said conductive particle is piezoelectric-device electrode structure according to claim 3 
characterized by being what mean particle diameter becomes from a particle 5 micrometers or less. 
[Claim 5] The process which applies the sol solution of the piezo-electric plate which constitutes a 
piezoelectric device which contains a conductive particle on the whole surface at least, and forms the 
electric conduction spreading film, The process which applies the sol solution containing the sol solution 
and silicon oxide containing a conductive particle, forms the 2nd spreading film, carries out stoving of 
the 2nd spreading film with said electric conduction spreading film, and forms a conductive layer and a 
stress relaxation layer on said electric conduction spreading film, The manufacture approach of the 
piezoelectric-device electrode structure characterized by manufacturing a ****** conductivity electrode. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin gjJ It is the sectional view showing the configuration of the 1st example of the piezoelectric- 
device electrode structure concerning this invention. 

fJDra>yi.ng23 They are the perspective view showing the configuration of the 2nd example of the 
piezoelectric-device electrode structure concerning this invention, and some expanded sectional views. 
[Description of Notations] 

1 Seven Conductive electrode 

2 Piezo-electric Ceramic Component (Piezoelectric Device) 

3 Conductive Layer 

4 Stress Relaxation Layer 

41 Minerals Porous Bo3y 

42 Conductive Particle 

5 Glue Line 

6 Component Attaching Part 

8 Layer Indirect Arrival Layer 

9 Insulator 

10 Band-like External Electrode 

1 1 Lead 



[Translation done.] 




http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



4/16/07 



